36. (Amended) The rear projection display device according to claim 27, 
wherein an angle of a maximum value j-max and a minimum value j-min is 
formed by a normal of a front surface of the screen and a pnndpal ray of the image light 
irradiated on the front surface of the screen, and an angle p is obtained when the 
reflectivity of light, having a polarization direction parallel to the plane including the 
image light irradiated on the front surface of the screen and the normal of the front 

surf ace of the screen is at a minimum, 
REMARKS 

The Office Action dated December 8, 2000, has been received and carefully 
noted. The period for response having been extended from March 8, 2001 , until June 8, 
2001 , by the attached Petition for Extension of Time, the amendments made herein and 
following remarks are submitted as a full and complete response thereto. 

Claims 1 1 , 24 and 36 have been amended. Figures 9 and 10 have been labeled 
as -Prior Art-. A substitute specification in proper idiomatic English is respectfully 
submitted for consideration. No new matter has been added by the amendments made 
herein. Thus, claims 1-38 are respectfully submitted for consideration. 

The drawings were objected to under 35 C.F.R. §1 .83(a) because Figs. 9 and 1 0 
were not labeled as -Prior Art-, and that the drawings fail to show the limitation of 
H^N-max recited in the claims. Applicants appredate the Examined courtesy in 
highlighting these decencies. Attached is a Request for Approval of Drawings 
Corrections with proposed changes to Figs. 9 and 10, highlighted in red. Changes to 
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Figs. 9 and 10 are respectfully submitted for consideration. Upon approval of this 
request, formal drawings will be timely filed. 

In addition, Applicants have amended claims 1 1 , 24 and 36 which deleted the 
limitation of j-min<p<j-max from each of these claims. It is respectfully submitted that 
the deletion of the above limitation overcomes the objection of the drawings under 35 
C.F.R. §1 .83(a), and Applicants respectfully request that the objection be withdrawn. It 
is further submitted that the amendments made to these claims do not narrow the scope 
of the claims. 

The specification was objected to because it was not in proper idiomatic English. 
Applicants respectfully submit a substitute specification in proper idiomatic English 
which fully complies with 37 C.F.R. §1 .52(a) and (b). Also attached is a marked-up 
copy of the original specification. It is respectfully submitted that the substitute 
specification submitted herewith does not contain any new matter. Therefore, 
Applicants respectfully submit the substitute specification for consideration. 

Claims 1 1 , 24 and 36 were rejected under 35 U.S.C. §1 1 2, second paragraph, as 
being indefinite. In making this rejection, the Office Action took the position that the 
limitations recited in these claims are unclear. Applicants respectfully submit that the 
amendments made to these claims should be sufficient to overcome the deficiencies 
noted in the Office Action and place these claims in compliance with U.S. patent 
practice. Furthermore, Applicants respectfully refer to pages 25-28 of the specification, 
and Figs. 5 and 7 of the drawings in explaining each and every limitation recited in 
claims 1 1 , 24 and 36. Specifically, Applicants refer to page 1 of the specification 
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wherein a coordinate system is disclosed where a horizontal direction of a rectangular 
screen 1 70 is taken along an x-axis, a vertical direction of the screen 1 70 is taken along 
a y-access, and a perpendicular direction of the screen 170 is taken along a z-axis. The 
coordinate system is also clearly illustrated on Figs. 1-5 of the drawings. Therefore, 
Applicants respectfully request that the rejection under 35 U.S.C., §112, second 
paragraph, be withdrawn. 

Claims 1-4, 6-7, 13-17, 19-20, 26-29, 31-32 and 38 were rejected under 
35 U.S.C. §102(b), as being anticipated by Shikama (U.S. Patent No. 5,285,287). 
Applicants respectfully traverse this rejection, and submit that each of these claims 
recites subject matter which is neither disclosed nor suggested in the prior art. 

Claim 1, upon which claims 2-13 are dependent, recites a rear projection display 
device comprising a light source lamp, a color splitting means for splitting light emitted 
from the light source lamp into a plurality of color components, and a plurality of liquid 
crystal panels for optically modulating each color light split by the color splitting means. 
The rear projection display device further comprises a color synthesizing means for 
synthesizing each of the color light modulated by the liquid crystal panels, and a 
projection means for projecting image light which is color-synthesized by the color 
synthesizing means on a screen from slantly above or from slantly below. The 
polarization direction of at least one color component out of the image light irradiated 
onto the screen is parallel to a vertical cross section of the screen. 

Claim 14, upon which claims 15-26 are dependent, recites a rear projection 
device similar to the device recited in claim 1 with the exception that the projection 
means for projecting image light is color-synthesized by the color synthesizing means 
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on a screen from a slant side. Also, the polarization direction of at least one color 
component out of the image light irradiated on the screen is parallel to a horizontal 
cross section of the screen. 

Claim 27, upon which claims 28-38 are dependent, recites a rear projection 
display device similar to the display device recited in claim 1 with the exception that the 
projection means slantly projects image light which is color-synthesized by the color 
synthesizing means on a screen. The polarization direction of at least one color 
component out of the image light irradiated on the screen is parallel to a plane including 
the image light irradiated on the screen in a normal of the screen. 

Accordingly, the present invention is directed to a rear projection display device 
which enables an observer to observe a picture on the front surface of a screen by 
projecting image light onto the back surface of the screen from a slant. Furthermore, 
the present invention provides a rear projection device capable of improving the 
brightness and the image quality of the picture by improving the utilization efficiency of 
the image light which is projected onto the screen from a slanted angle. 

It is respectfully submitted that the prior art fails to disclose or suggest the 
elements of the presently pending claims, and therefore, fails to provide the advantages 
which are provided by the present invention. 

Shikama discloses a projector 300 comprising a light source 1 with lamp 120 and 
parabolic mirror 130 that directs white light toward dichroic mirrors 14B and 14G. The 
projector 300 also comprises mirrors 1 1 a, 1 1 b and 1 1 c, liquid crystal display panels 3R, 
3G and 3B, a dichroic prism 15, a projection lens 4, and a reflecting, front projection 
screen 5F. The lamp 120 is at the focal point of the parabolic mirror 130 to produce a 
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collimated beam of white light. The diohroic mirror 1 4B transmits red and green light, 
but reflects blue light. The diohroic mirror 14G reflects green light but transmits red 
,i 9 nt. By means of the dichroic mirrors 14B and 14G. white light 2 is decomposed into 
three primary colors. The mirrors HAand 11B reflect red light, the dichroic mirror 14B 
and the mirror 1 1C reflect blue light, and the diohroic mirror 14G reflects green light. 
The reflected light is directed to the respective one of the liquid crystal display panel 3R, 
3G and 3B, each of which produces a monochromatic (mage of the respective color 

under control of an operating circuit. 

Upon review and consideration of Shikama, Applicants respectfully submit that 
each and every element recited within claims 1 , 14 and 27 of the present application is 
neither disclosed nor suggested by the cited prior art. In particular, Applicants 
respectfully submit that the rear projection display device claimed in the present 
application is clearly distinct from that which is illustrated in Shikama. Specfflcally, 
Applicants respectfully submit that Shikama fails to disclose or suggest a polarization 
direction of at least one color component out of the image light irradiated on the screen 
, ha . is parallel to a vertical cross section of the screen, or is parallel to a horizontal cross 
section of the screen, or is parallel to a plane including the image light irradiated on the 
screen and a normal of the saeen. Although Shikama discloses a projecting method 
for a picture display apparatus having three crystal panels and a dichrolic prism, 
Applicants respectfully submit that Shikama nevertheless fails to disclose or suggest 
that the polarization directions of the red, green and blue primary color lights emitted I 
from each of the liquid crystal panels are adjusted in correlation to the fresnel lens I 
screen as disclosed in the present invention. Accordingly, Applicants respectfully - 
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submit that Shikama fails to disclose or suggest each and every element recited in 
claims 1, 14 and 27 of the present application. 

As for claims 2-4, 6-7, 13, 15-17, 19-20, 26, 28-29, 31-32 and 38, Applicants 
submit that each of these claims recites subject matter which is neither disclosed nor 
suggested by Shikama. In particular, each of these dependent claims depends from 
independent claims 1, 14 and 27, respectively. Therefore, each of these dependent 
claims incorporates each and every limitation recited within independent claims 1,14 
and 27, therein, respectively. Therefore, Applicants submit that each of claims 2-4, 6-7, 
13, 15-17, 19-20, 26, 28-29, 31-32, and 38, also recites subject matter which is neither 
disclosed nor suggested by Shikama for at least the reasons set forth above with 
respect to claims 1,14 and 27. 

Claims 5, 8, 18, 21, 30 and 33 were rejected under 35 U.S.C. §1 03(a) as being 
unpatentable over Shikama in view of Soref et al. (U.S. Patent No. 4,516,837). In 
making this rejection, the Office Action took the position that Shikama disclosed each 
and every element recited in the claimed invention with the exception of showing a 
retardation plate. Soref was cited for curing the deficiencies which exist in Shikama. 
Applicants respectfully traverse this rejection, and submit that each of claims 5, 8, 18, 
21, 30 and 33 recites subject matter that is neither disclosed nor suggested in the cited 
prior art. 

Soref discloses an electrically-control device employing optically active nematic 
liquid crystals for switching polarized or unpolarized optical signals with low insertion 
loss. Figure 1 of Soref illustrates a PBS cube 1 1 with the addition of a reflecting prism 
20 and a half-wave retardation plate 21 . The half-wave retardation plate 21 is a 
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polarization form converter. It is an optical element with two principal axis, slow and 
fast, that resolves an incident beam into two orthogonally polarized components, without 
appreciably altering the intensity or degree of polarization. 

Upon review and consideration of the combination of Shikama and Soref, 
Applicants respectfully submit that each and every element recited within each of 
claims 5, 8, 18, 21 , 30 and 33, is neither disclosed nor suggested by Shikama, and/or 
Soref, alone or in combination. In particular, each of claims 5 and 8, 18 and 21, 30 and 
33, depends from independent claims 1 , 14 and 27, respectively, and therefore, each 
and every limitation recited within the independent claims, is also recited within 
dependent claims 5 and 8, 18 and 21 , and 33. As such, these dependent claims 
incorporate the limitation of a polarization direction of at least one color component out 
of the image light irradiated onto the screen, and is parallel to a vertical cross-section of 
the screen, or is parallel to a horizontal cross-section of the screen, or is parallel to a 
plane, including the image light irradiated on the screen and a normal of the screen, 
respectively. Upon review of Soref, it is respectfully submitted that Soref fails to 
disclose and suggest the elements above, and therefore, fails to cure the deficiencies 
which exist in Shikama. Thus, Applicants respectfully that neither Shikama nor Soref, 
alone or in combination, disclose or suggest each and every element recited within 
claims 5, 8, 18, 21 , 30 and 33 of the present application. 

In view of the above, Applicants respectfully submit that claims 1-38, each recites 
subject matter that is neither disclosed nor suggested in the cited prior art. Applicants 
also submit that the differences between the subject matter and the prior art relied upon, 
is more than sufficient to render claims non-obvious to a person of ordinary skill in the 
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art, and therefore, respectfully request that claims 1-38 be found allowable, and this 
application be passed to issue. 

If, for any reason, the Examiner determines that the application is not now in 
condition for allowance, it is respectfully requested that the Examiner contact by 
telephone the Applicants' undersigned attorney at the indicated telephone number to 
arrange for an interview to expedite the disposition of this application. 

In the event this paper is not being timely filed, the Applicants respectfully petition 
for an appropriate Extension of Time. Any fees for such an extension, together with any 
additional fees, may be charged to counsel's Deposit Account Number 01-2300. 


Customer No. 004372 

ARENT FOX KINTNER PLOTKIN & KAHN, PLLC 
1050 Connecticut Avenue, N.W., 
Suite 600 

Washington, D.C. 20036-5339 
Tel: (202)857-6000 
Fax: (202)638-4810 

SH/pwc 

Enclosures: 
Petition for Extension of Time (3 months) 
Request for Approval of Drawing Corrections (Figs. 9 and 10) 
Substitute Specification 
Marked-Up Copy of Original Specification 
Associate Power of Attorney 
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Marked-Up Copy of Original Claims 

1 1 . (Amended) The rear projection display device according to claim 1 , 
wherein [the relation j-min< p <j-max is satisfied, where] an angle of a maximum 
value j-max and a minimum value j-min is formed by a normal of a front surface of the 
screen and a principal ray of the image light irradiated on the front surface of the 
screen, and an angle (3 is obtained when the reflectivity of light, having a polarization 
direction parallel to the vertical cross section of the screen, to the front surface of the 
screen is ata minimum. 

24. (Amended) The rear projection display device according to claim 14, 
wherein [the relation j-min<j-max is satisfied, where] an angle of a maximum 
value j-max and a minimum value j-min is formed by a normal of a front surface of the 
screen and a principal ray of the image light irradiated on the front surface of the 
screen, and an angle p is obtained when the reflectivity of light, having a polarization 
direction parallel to the horizontal cross section of the screen, to a front surface of the 
screen is at a minimum. 
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36. (Amended) The rear projection display device according to claim 27, 
wherein [the relation j-min < p <j -max is satisfied, where] an angle of a maximum 
value j-max and a minimum value j-min is formed by a normal of a front surface of the 
screen and a principal ray of the image light irradiated on the front surface of the 
screen, and an angle p is obtained when the reflectivity of light, having a polarization 
direction parallel to the plane including the image light irradiated on the front surface of 
the screen and the normal of the front surface of the screen, to the front surface of the 
screen is ata minimum. 
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TITLE OF THE INVENTION 
Rear Projection Display Device 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a rear projection display device[for enabling^ an 
observer to observe a picture on a front surface of a screen by Jslantl^Sfa^r*^ 

r n\5^ 

projecting image light on a back surface offthg screen. 




15 


10 Description of the Prior Art 

Figs. 9, 10 illustrate one example of a conventional rear projection display 
device %ig 9 is] a cross sectional view [schematically illustrating a structure/of 
J/a conventional rear projection display device, and Fig. 10 [isj a top plan view 
[schematically illustrating a structure^ of a projection ,uni±J of the rear 
projection display device (off Fig. 9. In the following description, a coordinate 
system is used where a horizontal direction of a rectangle screen 170 is taken 
along an x- axis, a vertical direction of the screen 170 is taken along a y-axis, 
and a perpendicular direction to the screen 170 is taken along a z-axis. 

v r v. ; 

20 (as shown in Fig. 9, thefrear projection display device includes r a projection 
unit 120 arranged in a body lld[ ^projection lens 130[isjarranged on a light 
emitting opening of the projection unit 12oj7 a] reflecting mirror 160 QsJ 
arranged on an inner back surface of the body liq,jand a transmission type 
diffusing screen 17oQsj arranged on the front of the body 110. Image light ^ 

25 which is magnified and projected from the projection unit 120 through the 


1 


projection lens 130 is reflected on the reflecting mirror 160|,Jis irradiated onto 
a back surface of the diffusing screen 17oj^and then~a]picture is observed on 
the front surface of the diffusing screen 170. 

5 As shown in Fig. 10, the projection unit 120 includes a white light source 121 

comprising a lamp 121a and a reflector 121b. Dichroic mirrors 122, 123 split . , 
^/ white light emitted from the white light source 121 into flight ofj three colors. A 

first dichroic mirror 122 selectively reflects light of a red component (referred 

C( » 

as red light hereinafter) out of the white light emitted from the lamp 121a and 

H ; : 

10 transmits light of other color components. A second dichroic mirror 123 
selectively reflects light of a green component (referred as %;reen light''' 
hereinafter). (GreenjTight out of the lightlwhich isj transmitted through the first 
dichroic mirror 122 is selectively reflected on the second dichroic mirror 123 

and is introduced to a liquid crystal panel 127gjfor green| Light of a blue 

cv » 

15 component (referred as blue light hereinafter)^ out of the light transmitted 
through the second dichroic mirror 123-is introduced to a liquid crystal panel 
127b for blue by reflecting mirrors 125, 126. The red light reflected on the 
first dichroic mirror 122 is introduced to a liquid crystal panel 127r|for red^by 


the first reflecting mirror 124. 
[Color light respectively/ modulated at the liquid crystal panels 127r, 127g, and 


20 


127b jis^ synthesized at a dichroic prism 128 andjis emitted to the projection 
lens 130. 

r y J 

25 Incident directions of the color lighti modulated at the liquid crystal panels 


2 


127r, 127g, and 127b to the dichroic prism 128|isjset with 'consideration of 


|isj set with 4 

color reproducibility at the dichroic prism 128. Light reflected on the dichroic 
prism 128 is S-polarized light, and "light transmitted through the dichroic 
prism 128 is P-polarized light. 

^S-polarized light is a linearly polarized light [which! the oscillation direction of 
the electric vector of light incident, to a sample surfaces vertical to^a surface 
includingla normal the] sample surface and a normal(of^vave surface (which 
is a light traveling direction. ^P-polarized light is a linearly polarized light 

^whichj the oscillation direction of the electric vector of light incident to a 
sample surface^ is included in an incident surface (a surface including a 
normal of the sample surface and a light traveling direction). 


Specifically the red light out of the light incident to the dichroic prism 128 is 
set to be S-polarized to a bonded surface 128x. A polarized light component^ 
which is perpendicular to an x-z plane^ is reflected on the bonded surface 
128x. The green light is set to be P-polarized light to the bonded surfaces 
128x, 128y. A polarized light componentyvhich is parallel to the x-z plane^is 
transmitted through the bonded surface 128x, 128y. The blue light is set to 
be S-polarized light to the bonded surface 128y. A polarized light component^ 
which is perpendicular to the x-z plane^is reflected on the bonded surface 
128y. And then the red, green, and blue light is color-synthesized. 


The color-synthesized image light is irradiated from the projection lens 130 to 
the back surface of the screen 170 through the reflecting mirror 160. 


Recently* a rear projection display device capable of slantly irradiating image 
light to the screen 170 for reducing the depth of the devicejhas been proposed. 
When the above mentioned projection unit 120|is used for slantly projecting 
image, a polarization direction of the projected image light to the screen 170 
(islset in the direction orthogonal with the polarization direction of the image 
light to the dichroic prism 128. The red light [is P-polarized, the green light^isj UdL> 


S-polarized, and the blue light[is] P-polarized. 

<7- 


When the image light 


is slantly Iprojected to the screen 170; the light (isj^u^ 
incident to the acrylic resin from an air with a certain angle of incidence out 
of a vertical incidence. Fig. 6 is a table showing the reflectivity |characteristic^ 
of light incident to the acrylic resin from the air. As shown in Fig. 6, when the 
is* slantly /projected on V the screen 170^ the reflectivity of 
P-polarized light to the screen 170risl lowered while the reflectivity of 
S-polarized light to the screen 170^ncrease^ '^Clrt^X 


Fig. 8 presents the spectral luminous efficiency characteristics of a man. As 
shown in Fig. 8, the spectral luminous efficiency of man's eyes is the highest 
at around a wavelength of 555nm which corresponds to a color of green^andya 
man is likely to recognize green light brighter in comparison with red and 
blue light. 

As a result, when the image light |^s^ slantly projected by using the 
conventional projection unit 120, the reflectivity of the brightest green light at 



20 


the screen 120 increases, and the brightness as a whole is lowered? and , 
1 

furthermore^ *he image quality is degraded because of the reflected light. 

SUMMARY OF THE INVENTION ^Vb^^^ 

and has an 


The present invention was made to solve the above Vproblem 
objective to provid^ a rear projection display device capable of improving 
brightness and image quality jby improving the utilization efficiency of image 
light which) is gantlyj projected on' a screen. d&icx^ 


10 A rear projection display device of this invention comprises a light source 
lamp, color splitting means for splitting light emitted from the light source 
lamp into a plurality of color components, a plurality of liquid crystal panels 
for optically modulating each color light split by the color splitting means, 
color synthesizing means for synthesizing each of the color light modulated by 

15 the liquid crystal panels, and projection means for projecting image light 
which is color-synthesized by the color synthesizing means on a screen from 
slantly above or from slantly below. A polarization direction of at least a 
green component out of the image light irradiated on the screen is parallel to 
a vertical cross section of the screen. 


When image light is projected to a screen^from ^antl^'above or from j^antly^ 
below, an angled formed by a principal ray of light incident to the screen and a 
normal of the screen is larger in a vertical direction than in a horizontal 
direction. Therefore, when a polarization direction of a green component, of 
25 which spectral luminous efficiency for man's eyes is high, is made parallel to 


5 


a vertical cross section of the screen, less image light is reflected and lost on 
a back surface of the screen. 

A 

r ~\l 

[Specifically A polarization direction adjusting means is provided for adjusting a 


5 polarization direction of at least the green component jout 


of the image lightj 


synthesized by the color synthesizing means^so that the polarization direction 
of at least the green component is parallel to the vertical cross section of the 


screen. 


10 This structure ensures that a polarization direction of the green component 
^out^of the image lightjliynthesized by the color synthesizing means^is adjusted 
so as to be parallel to a vertical cross section of the screen when the 
polarization direction of the green light is not parallel to the vertical cross 
section. 


15 


It is preferred that polarization directions of all the color components of the 
image lightirradiated on the screen^are parallel to the vertical cross section of 
the screen. 


7 k / 

polarization direction adjusting means is provided for selectively 


20 j^SpecificallyJ' 

adjusting a color component, of which a polarization direction is orthogonal 
with the vertical cross section of the screen, jj>ut\ of the image light 
synthesized by the color synthesizing means^so that the polarization direction 


of the color component is parallel to the vertical cross section of the screen. 


25 
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This structure ensures that a color component having a polarization direction 
orthogonal (withj'a. vertical cross section of the screen, ^out of the image light 
synthesized by the color synthesizing me ans^ is selectively adjusted so that 
the polarization direction is parallel to the vertical cross section of the screen. 


A rear projection display device of this invention comprises a light source 
lamp, color splitting means for splitting light emitted from the light source 
lamp into a plurality of color components, a plurality of liquid crystal panels 
for optically modulating each color light split by the color splitting means, 
color synthesizing means for synthesizing each of the color light modulated by 
the liquid crystal panels, and projection means for projecting image light 
which is color-synthesized by the color synthesizing means on a screen from 
a slant side. A polarization direction of at least a green component out of the 
image light irradiated on the screen is parallel to a horizontal cross section of 
the screen. 


I r 1/ r. 7 ' 

When image light is projected to a screen jfroml a slant (side, an angle formed 
by a principal ray of light incident to the screen and a normal of the screen is 
larger in a horizontal direction than in a vertical direction. Therefore, when a 
polarization direction of a green component, of which spectral luminous 

efficiency for man's eyes is high, is made parallel to a horizontal cross section 
of the screen, less image light is reflected and lost on a back surface of the 
screen. 

- Y* 

Specifically! polarization direction adjusting means is provided for adjusting a 


polarization direction of at least the green component jout^ of the image light 
irradiated on the screen so that the polarization direction of at least the green 
component is parallel to the horizontal cross section of the screen. 

5 This structure ensures that a polarization direction of the green component 
£j)ut^of the image light synthesized by the color synthesizing means^is adjusted 
j^so as^ to be parallel to a horizontal cross section of the screen even when the 

polarization direction of the green light is not parallel to the horizontal cross 

section. 

It is preferred that 'polarization directions of all the color components of the 
image light irradiated on the screen are parallel to the horizontal cross 
section of the screen. 

v* 

15 I Specifically\ polarization direction adjusting means is provided for selectively 
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adjusting a color component, [of which polarization direction is orthogonal 


with the horizontal cross section of the screen, outjof the image light 


i, ou^ 

synthesized by the color synthesizing means so that the polarization direction 
of the color component is parallel to the horizontal cross section of the 
20 screen. 


This structure ensures that a polarization direction of a color component J^utQ 
of the image light synthesized by the color synthesizing means is selectively 
adjusted so as to be parallel to a horizontal cross section of the screen. 

25 
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A rear projection display device of this invention comprises a light source 
lamp, color splitting means for splitting light emitted from the light source 
lamp into a plurality of color components, a plurality of liquid crystal panels 
for optically modulating the light of each color split by the color splitting 
means, color synthesizing means for synthesizing each of the color light 
modulated by the liquid crystal panels, and projection means for slantly 
projecting image light which is color-synthesized by the color synthesizing 
means on a screen. A polarization direction of at least a green component out 
of the image light irradiated on the screen is parallel to a plane including the 
image light irradiated on the screen and a normal of the screen. 

When image light is ^slantlyj projected ^to a screen^ an angle ^formed by a 
principal ray of light incident to the screen and a normal of the screen is 
maximum in a plane including the image light irradiated on the screen and a 
normal of the screen. Therefore, when a polarization direction of a green 
component, of which spectral luminous efficiency foreman's eyes is high, is 
made parallel to the plane including the image light irradiated on the screen 
and a normal of the screen, less image light is reflected and lost on a back 
surface of the screen. 

^^ecificaJ^^o 1 ^ 2 ^ 011 direction adjusting means is provided for adjusting a 
polarization direction of at least the green component (^utjof the image light 


irradiated on the screen so that the polarization direction of at least the green 
component is parallel to the plane jinclud in g|the image light irradiated on the 


screen and the normal of the screen. 


This structure ensures that a polarization direction of the green component 
] outlof the image light synthesized by the color synthesizing means is adjusted 
so as to be parallel to a plane lincludingl'the image light irradiated on the 
screen and a normal of the screen by the polarization direction adjusting 
means even when the polarization direction of the green light is not parallel to 
the plane [including! the image light irradiated on the screen .and a normal of 
the screen. 


It is preferred that "polarization directions of all the color components of the , 


image light irradiated on the screen are parallel to^theja plane ^ncludin^ the i/y\<W^ 
image light irradiated on the screen and a normal^of^th^ screen. 

[SpecificalM polarization direction adjusting means is provided for selectively 
adjusting a color component^of which a polarization direction is orthogonal 
with the plane including the image light irradiated on the screen and the 
normal of the screen, outj of the image light synthesized by the color 
synthesizing means so that the polarization direction of the color component 
is parallel to the plane including the image light irradiated on the screen and 
a normal ffth^screen. fol^/w^ o( l A<4^ ^ 

This structure ensures that a color component of which a polarization 
direction is orthogonal with a plane ^including/ image light irradiated on the 
screen and a normal ^of the^ screen out of the image light synthesized by the 
color synthesizing means^is selectively adjusted so that the color component 

10 


is made parallel to a plane^kicludin^ the image light irradiated on the screen 
and the normal ^fthejscreen. 

The polarization direction adjusting means comprises a retardation plate|/J fl/K^C 

(The projection means includes a plurality of aspherical mirrors functioning as 
a lens. 


In a rear projection display device of this invention which image light is 
10 irradiated to the back surface of the screen from slantly behind or slantly 
above and a picture is observed on a front surface of the screen, the relation 
i-min< a <i-max is satisfied, where an angle of a maximum value i-max and a 
minimum value i-min is formed by a normal of a back surface of the screen 
and a principal ray of the image light irradiated on the back surface of the 
15 screen, and an angle a is obtained when the reflectivity of light, having a 
polarization direction parallel to the vertical cross section of the screen, to the 
back surface of the screen is minimum. 

In this structure, light having a polarization direction parallel to a vertical 
20 cross section of a screen is irradiated on a back surface of the screen at an 
jangle including the^ angle a at which the reflectivity to a normal jof ajback 
surface of the screen jat^the back surface of the screenj is low. 


In a rear projection display device of this invention, the relation j-min< 0 
25 <j-max is satisfied, jwherel an angle of a maximum value Ij-maJ and a 
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minimum valuqM-min)are formed by a normal (of a front surface of the screen 
and a principal ray of the image light irradiated on the front surface of the 
screen, and an angle 0 is obtained when the reflectivity of light, having a 
polarization direction parallel to the vertical cross section of the screen, to the 
front surface of the screen is minimum. 


In this structure, light having a polarization direction parallel to a vertical 
cross section of a screen is irradiated on' a front surface of the screen at an 
angle including the angle /3 at which the reflectivity to a normal of a back 
surface of the screen at the back surface of the screen is low. 

The screen includes a fresnel lens and the front surface of the screen is an 
inclined surface with a ring body shaped protrusion of the fresnel lens. 

r -v^ 

The polarization direction of at least the green component lout of \the image 
light irradiated on the screen is parallel to the vertical cross section of the 
screen. 

When a polarization direction of a green component^of which spectral 
luminous efficiency for man's eyes is highjis made parallel to a vertical cross 
section of the screen, less image light is reflected and lost on a back surface 
of the screen. 


In a rear projection display device of this invention which image light is 
irradiated to the back surface of the screen from jaslant sid^^and a picture is 

12 (X cW^ ' 


observed on a front surface of the screen, the^relatio^ i-min< a <i-max is 
satisfied, where an angle of a maximum value /i-max)and a minimum value 
(^-mir^j^ is formed by a normal |of ajback surface of the screen andm principal 
ray of the image light irradiated on the back surface of the screen* a**d sfta Tk# 
angle a is obtained when the reflectivity of light, having a polarization 
direction parallel to the horizontal cross section of the screen, to the back 
surface of the screen is minimum. 


In this structure, light having a polarization direction parallel to a horizontal 
10 cross section of a screen is irradiated on'a back surface of the screen at an 
angle including the angle a at which the reflectivity to a normal^ of aj back 
surface of the screen[a^the back surface ^Tthe screenjis low. 

In a rear projection display device of this invention, the relation j-min< /? 

15 <j-max is satisfied, where an angle of a maximum value (j-max) and a 
minimum valudQ-min^is formed by a normal ^f affront surface of the screen 
and 'a principal ray of the image light irradiated on the front surface of the 
screen^ bud an angle /? is obtained when the reflectivity of light, having a 
polarization direction parallel to the horizontal cross section of the screen, to 

20 the front surface of the screen is minimum. 


In this structure, light having a polarization direction parallel to a horizontal 
cross section of a screen is irradiated on 'a front surface of the screen at an 
angle including the angle /? at which the reflectivity to a normal (of_ajback 
25 surface of the screen ^tt^back surface ofthe screerj is low. 
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The screen includes a fresnel lens and the front surface of the screen is an 
inclined surface with a ring body shaped protrusion of the fresnel lens. 

The polarization direction of at least the green component ^out oj the image 
light irradiated on' the screen is parallel to the horizontal cross section of the 
screen. 

When a polarization direction of fa] green component^jrf which spectral 
luminous efficiency for 'man's eyes is high, lis made parallel to a horizontal 
cross section of the screen, less image light is reflected and lost onQ^back 
surface of the screen. 

In a rear projection display device of this invention which image light is 
fslantly irradiated 'to the back surface of the screen and a picture is observed 
on a front surface of the screen, the ^relation] i-min< a <i-max is satisfied, 
^wherejjan angle of a maximum value^i-max) and a minimum valu^-min)is 
formed by a normal Ef ajback surface of the screen and 4 principal ray of the 
image light irradiated on the back surface of the screen, land aA angle a is 
obtained when the reflectivity of light, having a polarization direction parallel 
to a plane including image light irradiated on the back surface of the screen 

and a normal of the back surface of the screen, to the back surface of the 

roJC (SJ 
screen is minimum. 


In this structure, light having a polarization direction parallel to the plane 


v 9 
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including image light irradiated on the back surface of the screen and a 

.■rv 

normal ^rfthej back surface of the screen is irradiated on a back surface of the 
screen at an angle including the angle a at which the reflectivity to a normal 
of a back surface of the screen at the screen is low. 


In a rear projection display device of this invention, the |relatioi| j-min< /3 
<j-max is satisfied, where an angle of a maximum value (j-max) and a 
minimum value(j-min)is formed by a normal jof aj front surface of the screen 
and 'a principal ray of the image light irradiated on the front surface of the 
10 screen, and an 'angle 3 is obtained when the reflectivity of light, having a 

polarization direction parallel to the plane including image light irradiated on jv 
the front surface of the screen and a normal/of thejfront surface of the screen, 
to the front surface of the screen is minimum. 


15 In this structure, light having a polarization direction parallel to a plane 
including image light irradiated on 'the front surface of the screen and a 
normal ^fthejfront surface of the screen is irradiated[on a front surface of the 
screenjat an angle including the angle 0 at which the reflectivity to a normal 



of a front surface of the screen at the front surface of the screen is low. 


The screen includes a fresnel lens and the front surface of the screen is an 
inclined surface with a ring body shaped protrusion of the fresnel lens. 

The polarization direction of at least the green component £t oij the image 
25 light irradiated on\he screen is parallel to a plane including image light 
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/ r i 

irradiated on the back surface of the screen and a normal pf the) back surface 
of the screen. 


When a polarization direction of a green componentj^of which spectral 
luminous efficiency for man's eyes is highl is made parallel to a plane 
including image light irradiated on the front surface of the screen and a 
normal {erf the] front surface of the screen, less image light is reflected and lost 
on a back surface of the screen. 


BERIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view ^chematicall^ illustrating a structure of a rear 
projection display device of one embodiment according to the present 
invention; 

Fig. 2 is a front elevation of the rear projection display device of Fig. 1; 

Fig. 3 is a top plan view^chematical^ illustrating a projection unit of the rear 

projection display device of Fig. 1; 

Fig. 4 is a side view of the -projection unit of Fig. 3; 

Fig. 5 is an enlarged segmentary sectional view of a screen of the rear 
projection display device of Fig. 1; 

Fig. 6 is a graph of the reflectivity characteristic of light incident to acrylic 
resin from the air; 

Fig. 7 is a graph of the reflectivity characteristic of light emitted from the 
acrylic resin to the air; 

Fig. 8 is a graph of spectral luminous efficiency characteristics of a man; 

Fig. 9 is a cross sectional view [schematically illustrating a structure of a 
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conventional rear projection display device; 

Fig. 10 is a top plan view of a projection unit of the rear projection display 
device of Fig. 9. 

The foregoing and other objects, features, aspects and advantages of the 
present invention will become more apparent from the following detailed 
description of the present invention (when collected' conjunction with the 
accompanying drawings. 


10 DESCRIPTION OF THE PREFFERED EMBODIMENT 

Explanation is made on\one ^mbodimenr of a rear projection display device 
according to the present invention by referring to the drawings. In the 
following description, a coordinate system where a width direction of a 
rectanglar screen 7 is taken along an x-axis, a height direction of the screen 7 

15 is taken along a y-axis, and a perpendicular direction to the screen 7 is taken 
along a z-axis. JU, ^ 

In this embodiment, Figs. 1 is a cross sectional view/ and Fig. 2 is a front 
elevation^both schematically illustrate a structure of a rear projection display 

20 device! Figs. 3, 4 Uchematically\ illustrate a structure of a projection unit in 
the rear projection display device of Fig. ljj^^Fig. 3 is a top plan view, and Fig. 
4 is a side view. Fig. 5 is an enlarged segmentary sectional view of a screen of 
the rear projection display device of Fig. 1. Fig. 6 is a graph of the reflectivity 
characteristic of light incident to acrylic resin from the air, Fig. 7 is a graph 

25 of the reflectivity characteristic of light emitted from the acrylic resin to the 
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aid and) Fig. 8 is a graph of spectral luminous efficiency characteristics of a 


man. 


As shown in Fig. 1, a rear projection display device of this invention includes 
a projection unit 2 for producing image light, a screen 7 for forming a picture 
when the image light is projected^ ^rst-fourt^ mirrors 3-6 for introducing the 
image light emitted from the projection unit 2 to the screen 7, and a body 1 
foil holding these elements incorporativelM. 

An image forming system is composed of the first- third mirrors 3-5. The first 
mirror 3 has an aspherical concave shape, the second and third mirrors 4, 5 
have aspherical convex shapes. The shapes of the mirrors in the image 
forming system ensure^ corrections of aberration^ such as astigmatism^ ^ncTj 
coma^^image lig ^ and magnifications of the image light. The image light 
emitted from the projection unit 2 is successively reflected on the first-third 
mirrors 3-5, and is irradiated on the fourth mirror 6 which is arranged on janj^-fA^ 
internal back surface of the body 1. The image light irradiated on the fourth 
mirror 6^<of a flat plate shapeys irradiated from slantly behind on a back 
surface of the screen 7 which is arranged on a front opening of the body ^ 
~ picture is formed. 


^then a 


As shown in Fig. 3, the projection unit 2 is one of three^giate^type. A light 
source 21 comprises a reflector 21b and a metal halide lamp 21a. White light . ^ 
emitted from the light source 21 is splited into Uight of\ three colors by 
dichroic mirrors 22, 23. The first dichroic mirror 22 selectively reflects red 


18 


'J 


light out of the white light emitted from the metal halide lamp 21a and 
transmits light of other color components. The second dichroic mirror 23 
selectively reflects green light and transmits light of other color components. 

5 The white light emitted from the metal halide lamp 21a is reflected on the 
reflector 21b. Then, ultra violet ray and infrared ray in the light are 
eliminated at an UV/IR filter (not shown), and the white light is irradiated to 
the first dichroic mirror 22 at an angle of 45°. . Red light reflected on the first 
dichroic mirror 22 is introduced to the firstjiqui^^ 
10 the first reflecting mirror 24. The light transmitted through the first dichroic 
mirror 22 is irradiated on the second dichroic mirror 23 at an angle of 45° . 
Green light /out ofi the light transmitted the first dichroic mirror 22 is 


second dichroic mirror 23 and is introduced to the 
kJoiA green(27^. Blue light/ the rest of the light 


selectively reflected on the second dichroic mirror 23 and is introduced to the 
second liquid crystal panej 
15 transmitted through the second dichroic mirror 23 is successively reflected on 
the second and third mirrors 25, 26, and is introduced to the third liquid 
crystal paneLfor blu<^27b/by the second and third reflecting mirrors 25, 26. 


The red light introduced to the first liquid crystal panel Uor red/27r is optically 
20 modulated according to * image information of the red component, and is 
incident to the main surface 28r of the dichroic prism 28 for color synthesis. 
The green light introduced to the second liquid crystal panel /for greed 27g is 
optically modulated according to^ image information of the green component, 
and is incident to the main surface 28g of the dichroic prism 28 for color 
25 synthesis. ^Th3^ blue light introduced to the^firs^ Hquid crystal panel |for bluej 
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27b is optically modulated according to ' image information of the blue 
component, and is incident to the main surface 28b of the dichroic prism 28 
for color synthesis. 

5 Light which is S-polarized to a bonded surface 28x out of the red light 
incident to the main surface 28r of the dichroic prism 28jT that ^a component 
£of]which polarization direction is vertical to the x-z plan^.is reflected on the 
bonded surface 28x. Light which is P-polarized to the bonded surfaces 28x, 
28y out of the green light incident to the main surface 28g of the dichroic 
10 prism 28^that i^component of which polarization direction is parallel to the 
x-z pland,C?ransmitd the bonded surfaces 28x, 28y. Light which is S-polarized 
to the bonded surface 28y of the blue light incident to the main surface 28b 
of the dichroic prism 28^that isj^component of which polarization direction 
is vertical to the x-z plan^, is reflected on the bonded surface 28y. 


15 


The color light optically modulated by each of the liquid crystal panel 27r, 


27g, and 27b 


to each color information is 


with correspondence 
color-synthesized by the dichroic prism 28. The color-synthesized image light 
is emitted from the main surface 28c of the dichroic prism 28. The 
20 polarization directions of the light is respectively rotated by an angle of 90° at 
a X /2 retardation plate 29, and the light is given to the image forming 
system. 

y 

The red light^out ofjthe image light emitted from the main surface 28c of the 
25 dichroic prism 28 is S-polarized light to the bonded surface 28x, the green 
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light is P-polarized light to the bonded surfaces 28x, 28y, and the blue light is 
S-polarized light to the bonded surface 28y. The polarization directions are 
respectively rotated by an angle of 90° at the X /2 retardation plate 29(f then / 
the red light is turned into P-polarized light to the bonded surface 28x, the 
5 green light is turned into S-polarized light to the bonded surfaces 28x, 28y, 
and the blue light is turned into P-polarized light to the bonded surface 28y. 


As shown in Fig. 1, the image light transmitted through the X /2 retardation 
plate 29 is successively reflected on the first-third mirrors 3-5 which compose. 
10 the image forming system, and is irradiated to the fourth mirror 6 arranged 
on the back surface of the body 1. The shapes of the mirrors in the image 
forming system ensure corrections of aberration^ such as astigmatisi^jand3 
coma ^fthe image light), and ^nagnif^ the image light. ^ J) 

15 The image light irradiated on the flat plate shaped fourth mirror 6 is 
irradiated to the back surface of the screen 7 from /slajitlyrbelow^ The red light 
l^out oft the image light irradiated on the back surface of the screen 7 is 
S-polarized to the screen 71 that is the polarization direction is vertical to the 
y-z plane. The green light is P-polarized to the screen 7(, that is/ the 
polarization direction is parallel to the y-z plane. The blue light is S-polarized 
to the screen 71 that is] the polarization direction is vertical to the y-z plane. 
The y-z plane is a vertical cross section of the screen 7. 


As shown in Fig. 5, the screen 7 includes a fresnel lens screen 71 formed with 
acrylic resin and a lenticular lens screen 72. The image light reflected on the 
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fourth mirror 6 is irradiated on a back surface 71a of the fresnel lens screen 
71. 


An angle (i) formed by a normal A to the back surface 71a of the fresnel lens 
5 screen 71 and a principal ray of the image light irradiated thereon is i-max at 
maximum at upper corners CI, C2 of the fresnel lens screen 71 (see Fig. 1), 
and is i-min at minimum at a lower corner C3 (see Fig. 1). In this embodiment, 
the first-fourth mirrors 3-6 are set so that i-max is^t<3 be^58.27° , and i-min is 
pto bej 32.27° . 
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Fig. 6 is a graph for showing the reflectivity characteristic of light incident to 
acrylic resin from the air. In this case, the refractivity of the air is 1.00, and 
the refractivity of the acrylic resin is 1.492. When the image light is/slantly 
irradiated no the screen 7, it means that the light is incident at a certain 


15 angle of incidence from the air to the acrylic resin 


The reflectivity of light irradiated to the acrylic resin^orming 


the fresnel lens 


screen 71^ from the air varies depending on an angle of incidence 6 1, an 
angle formed by the light irradiated to the acrylic resin and a normal of the 
acrylic resin at a point where the light is irradiated. I As indicated by ai broken 
line in jbhis^graph, regarding^he reflectivity characteristic S of light of whic^ 
palariz-ati^n^irection is vertical to a plane including light irradiated to the 
acrylic resin and the normal of the acrylic resin at a point where the light is^ 



irradiated// the/ reflectivity tends to increase as the angle Q 1 increasesAOn the 


full line^egarding toe reflectivity characteristic 


X 


P of light of which polarization direction is parallel to a plane including light 
irradiated to the acrylic resin and the normal of the acrylic resin at a point 
where the light is irradiat edj <as the angle 6 1 is close to the minimum value 
f v\ ^ e reactivity reduces^The angle a of the minimum value is an angle when ~{Aq 

^ A** 

r S ^-component of the reflected light is zero and' the reflected light is a plane 

; polarized light. Vsuchl the angle of incidence is referred as polarization angle. 

^ ^ ^ e P 0 *® 1 "* 2 ^* 011 angle a is expressed by the expression 1 below where the 

^o\^j^ refractivity at both ends of the boundary is defined as nl, n2. 

f^V^ 3 ^' [Expression 1] 

i? 6 ^ tana=n2/nl 

\ To be concrete, an angle a is approximately 56° according to the above 

i 

expression when the light is incident to the acrylic resin from the air. 

I 
i 

As indicated by^ajbroken line ^ofj Fig. 6, the reflectivity to the screen 7 of the 
red light and blue light as S-polarized light/ out of At - 
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the image light irradiated to 


the back surface 71a of the fresnel lens screen 71# is higher than the 
reflectivity of light irradiated parallel to the normal A of the screen 7, and the 
20 light utilization efficiency decreases. However, as indicated by[a full linefoiTFig. 

6, the reflectivity of the green light as P-polarized light to the screen 7£out o^*f^7 YV 7 
the image light irradiated on the back surface 71a of the fresnel lens screen 
71*is lower than the reflectivity of the light irradiated parallel to the normal A 
of the screen 7, and the light utilization efficiency increases. 

25 
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It is^known that [the brightness\a man recognizes [is generally affected bjy 
green light as compared withered and blue light/. A man [feels! light /of) the 
wavelength 555nm Jcorrespondin^to the^color jof^ greenj the brightest ^( the ^ ej^s 
visibility is high). Fig. 8 indicates the visibly of various wavelengths, It^ing^jK^A^ 

the visibility at the wavelength 555nm ^rrespondingrto the green Jas the 

1 J? * U ^ 

reference. When the visibility of the green^ is 'one. the visibility of the 

U ^ j 
wavelengtlv630nin corresponding to the recLis approximately 0.265, and the 

visibility of the wavelength 470nm corresponding to the bluets approximately 

0.091. V\ jjifcspw^ iw^v 

r ~l ^ If 

As mentioned above, when the image light is slantly) irradiatecf^to the screen 7f 

ft*. ^ J j&L 

the visibility of 'green light is remarkably higher than those of^red and blue 


light. The lowered brightness caused by the S-polarized red and blue light to 
the screen 7 can be compensated by making the brightness of the P-polarized 
green light higher, [and/ the brightness as a whole lean be increased. In 
conjunction with the increased brightness, light reflected onfthe back surface 
71a of the fresnel lens screen 71 decreases, and a ghost caused by the 
reflected light can be reduced, (and thusjthe image quality jean be improved/. It 
is preferred that all the component of light be P-polarized light^to the screen 

7. (VU^v bwkd 

An angle (i) formed by a principal ray of the image light irradiated to the 
screen 7 and 'the normal A of the screen 7, is set to satisfy the below 
expression 2. Therefore, the utilization efficiency of P-polarized light 
component can be improved, leading to higher brightness. 
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[Expression 2] 

i — m i n < a < i— max 

The image light transmitted through the back surface 71a of the fresnel lens 
screen 71 is refracted on the back surface 71a at an angle kl corresponding 
to the Snel principle, and ^the^is^ irradiated to a protruded inclined surface 
71b formed in a ring body shape on an emitting side of the fresnel lens screen 
71. 

An angle of an inclined surface 71b is set so that an angle (j) formed by a 
normal B to the inclined surface 71b of the fresnel lens screen 71^ and a 
principal ray of the image light irradiated to the screen 71 is j-max at 
maximum and j-min at minimum on each protruded inclined surface 71b of 
15 the fresnel lens screen 71. In this embodiment, an inclination r of each 
inclined surface 71b is set so that j-max is|to bej 38.36° and j-min is jto btj 
22.57° . 

As shown in Fig. 7, the reflectivity of light emitted from the acrylic resin 
20 ^composing the fresnel lens 7ljto the air varies depending on an angle 6 2 
which is formed by the light traveling in the acrylic resin and the normal |of 
:he[ acrylic resin at a point where the light is emitted.) As indicated by a] 



pf this graph) 'regarding theLreflectivity characteristic S of light of 
which polarization direction is vertical to a plane including the light traveling 
25 in the acrylic resin and the normal of the acrylic resin at a point where the 
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light is emittecL Ithe reflectivity increases as the angle 6 2 increases! On the- ^JL 

other hand, jas indicated by a full line^he?xeflectivity characteristic P' of light ^ 
I J Pr- J ^ TVvtf fjl l,W ^Uo fz, ^ c (o^ 

of which polarization direction is parallel to a plane including the light +o 1&f 
traveling in the acrylic resin and the normal of the acrylic resin at a point P°^ { Ut^ 


where the light is emitted reflectivity decreases as the angle 0 2 is made 
close to the minimum polarization angle^?j. When the light is emitted from the 
acrylic resin to the air, the angle j3 is approximately 34° according to the 
expression 1. 

As indicated by a broken line S' in Fig. 7, the reflectivity of red and blue light* 
which is S-polarized to the screen 7lout o^ the image light irradiated to the 
inclined surface 71b with a ring body shaped protrusion on an) emission side 
of the fresnel lens screen 71- is higher than the reflectivity of light irradiated - ^ 
in parallel to the normal B of the inclined surface 71b,, fan cf] the light 


utilization efficiency jis^ lowered] However, as indicated by the full line P' in Fig. 
7, the reflectivity of the green light^which is P-polarized to the screen 7 ^ut oFJ 

image light irradiated to the inclined surface 71^ is lower than the 
reflectivity of ^ight irradiated parallel to the normal B of the inclined surface 
71b,^nd^the light utilization efficiency jincreasesj 

\ As] in the case thai the image light is irradiated 'to the back surface 71a of the 
fresnel lens screen 71 from the air, the lowered brightness caused by the 
S-polarized red and blue light to the screen 7 is compensated by the . A . 0 
increased brightness of the P-polarized green light to the screen 7, ancr the 
brightness as a whole jean be improve^ Reflected light at the inclined surface 
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71b of the fresnel lens screen 71 feducesl and a ghost produced by the 
reflected light carf^e reduced. Therefore, the image quality can be improved. 
It is preferred that all the color components be P-polarized light. 

An angle (j) formed by the principal ray of the image light irradiated to the 
inclined surface 71b of the screen 7 and the normal B of the inclined surface 
71b satisfies the expression 3 below. Therefore, the light utilization efficiency 
of P-polarized light component itself can be improved, leading to higher 
brightness. 


[Expression 3] 

j— min < )3 < j — max 

Image light 'transmitted through the inclined surface 71b of the fresnel lens 


ansa 

;d on 

the Snel principle* ^ridjis irradiated to the lenticular lens screen 72. Then, a 


c screen 7 is refracted on the inclined surface 71b at an angle k2 according to 


lis irradiated to the lenticular len 
picture is formed by the diffusing action of the lenticular lens screen 72. 


In this embodiment, the image light is irradiated from (slantlyj behind fof (the 
screen 7 C . The image light may be irradiated from jslantly] side of the screen 7< 
In this case, the green light is adjusted so as to be P-polarized light to the 
screen 7, {that is\the polarization direction is parallel to the x-z plane. 


In this embodiment, the polarization direction of the green light is adjusted so 


£as to bc*J 


parallel to the y-z plane. It is preferred that the polarization direction 
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be parallel to a plane including a principal ray of the image light and the 
normal of a part at a point where the image light is irradiated. 


In this embodiment, the polarization direction of the green light is adjusted so 

that the light turns from S-polarized light into P-polarized lighrto the screen 

7 by the X /2 retardation plate 29. In other case, a narrow band retardation 

plate may be used for selectively adjusting the polarization direction of the 

green light so that the light turns from S-polarized light into P-polarized light 

j to the screen 7f. In this case, polarization directions of 'red and blue light do 

1 jbrdf^) , Q^y 

not change, ancMill the image light may be P-polarized light to the screen 7. 


In this embodiment, the image forming system is composed of the first-third 
mirrors 3-5. The same effect can be gained when using a lens system. 

This invention can reduce reflection on a screen and improve the brightness 
by making at leastla fereen component light P-polarized light to a screen when 
image light is slantly I irradiated to the screen 1 ^ Furthermore, a ghost 
phenomenon caused by reflected light on the screen is prevented^ and the 0 
image quality can be improved. 


is clearly understood that the same is and example only and is not to be 


Although the present invention has been described and illustrated in detail, it 

isfandp 

taken ^y^way of limitation by way of illustrationTjphe spirit and scope of the 
present invention being limited only by the terms of the appended claims. 
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